University of Wollongong

Research Online
University of Wollongong Thesis Collection
1954-2016

University of Wollongong Thesis Collections

2009

Effective control of cell behavior on conducting polymers
Xiao Liu
University of Wollongong, xiaol@uow.edu.au

Follow this and additional works at: https://ro.uow.edu.au/theses
University of Wollongong
Copyright Warning
You may print or download ONE copy of this document for the purpose of your own research or study. The University
does not authorise you to copy, communicate or otherwise make available electronically to any other person any
copyright material contained on this site.
You are reminded of the following: This work is copyright. Apart from any use permitted under the Copyright Act
1968, no part of this work may be reproduced by any process, nor may any other exclusive right be exercised,
without the permission of the author. Copyright owners are entitled to take legal action against persons who infringe
their copyright. A reproduction of material that is protected by copyright may be a copyright infringement. A court
may impose penalties and award damages in relation to offences and infringements relating to copyright material.
Higher penalties may apply, and higher damages may be awarded, for offences and infringements involving the
conversion of material into digital or electronic form.
Unless otherwise indicated, the views expressed in this thesis are those of the author and do not necessarily
represent the views of the University of Wollongong.

Recommended Citation
Liu, Xiao, Effective control of cell behavior on conducting polymers, Doctor of Philosophy thesis,
Department of Chemistry - Faculty of Science, University of Wollongong, 2009. https://ro.uow.edu.au/
theses/3046

Research Online is the open access institutional repository for the University of Wollongong. For further information
contact the UOW Library: research-pubs@uow.edu.au

EFFECTIVE CONTROL OF
CELL BEHAVIOR ON
CONDUCTING POLYMERS
A thesis submitted in fulfilment of the
requirements for the award of the degree

DOCTOR OF PHILOSOPHY
from

UNIVERSITY OF WOLLONGONG
by

XIAO LIU, B.Sc, M.Sc
DEPARTMENT OF CHEMISTRY
May, 2009

II

To my husband, Hongwei Wang and my parents Ziqing Liu
and Huifen Wu for their endless love.

III

CERTIFICATION

I, Xiao Liu, declare that this thesis, submitted in fulfilment of the requirements for
the award of Doctor of Philosophy, in the Department of Chemistry at the
University of Wollongong, is wholly my own work unless otherwise referenced or
acknowledged. The document has not been submitted for any qualifications at any
other academic institution.

Xiao Liu

May 2009

IV

ACKNOWLEDGEMENTS
I would like to thank my supervisors, Prof. Gordon G. Wallace, Dr. Kerry J. Gilmore
and Dr. Simon E. Moulton for their guidance, insight and support throughout the
course of this project. The assistance of Dr. Michael Higgins with AFM
measurements, Dr. Yong Liu, Dr. Jun Chen and Dr. Dan Li with fiber electrospinning,
Dr. Yong Liu and Peter Sherrell with SEM measurements and Dr. Simon E. Moulton
with impedance measurement is highly appreciated.
I deeply appreciate helpful assistance from the staff and students at the Intelligent
Polymer Research Institute. In particular, I would like to thank Brianna Thompson,
Adrian Gestos, Dr. Scott McGovern and Dr. Elise Stewart and Phil Smugreski for
helpful assistance, discussions and proof‐reading.
The PhD scholarship provided by Intelligent Polymer Research Institute, ARC Centre
of Excellence for Electromaterials Science and University of Wollongong is gratefully
acknowledged.
Finally, the unending and loving support of my husband Hongwei, my parents, sister
and my friends has meant so much to me. Thank you.

V

PUBLICATIONS
Yong Liu, Xiao Liu, Jun Chen, Kerry J. Gilmore and Gordon G. Wallace 3D bio‐
nanofibrous PPy/SIBS mats as platforms for cell culturing. Chemical Communication
2008; 28(32):3729‐3731.
Xiao Liu, Kerry J. Gilmore, Simon E. Moulton and Gordon G. Wallace Electrical
stimulation promotes nerve cell differentiation on polypyrrole/poly (2‐methoxy‐5
aniline sulfonic acid) composites. Journal of Neural engineering (Accepted)
Xiao Liu, Jun Chen, Kerry J. Gilmore, Michael J. Higgins, Yong Liu, and Gordon G.
Wallace Guidance of Neurite Outgrowth on Aligned Electrospun Polypyrrole/
Poly(styrene‐β‐isobutylene‐β‐styrene) (SIBS) Fiber Platforms. Journal of Biomedical
Material Research A (Accepted)

VI

CONFERENCE PRESENTATIONS
Xiao Liu, Kerry J Gilmore, Simon E Moulton and Gordon G Wallace Electrical
Stimulation Promotes PC12 Cell Differentiation On Polypyrrole Films (oral
presentation), Australasian Society for Biomaterials and Tissue Engineering (ASBTE)
19th Annual Conference Sydney, Australia, Jan. 2009

VII

ABSTRACT
This study explored the potential biomedical applications of polypyrrole (PPy).
Electrical and topographic cues have been delivered to cells via composites of these
conducting polymers, resulting in the successful control of cell behaviour.
It was found that a clinically‐relevant electrical stimulation protocol (250 Hz
biphasic pulsed‐current) delivered directly via PPy/poly(2‐methoxy‐5‐aniline
sulfonic acid) (PMAS) films can significantly promote PC12 nerve cell differentiation
in the presence of nerve growth factor (NGF), and can initiate reversible neurite
sprouting from PC12 cell in the absence of NGF. The ability to promote neural
outgrowth on PPy/PMAS has important implications for improving the
neural/electrode interface, and this may be used to effect in nerve regeneration.
The same biphasic 250 Hz electrical stimulations were applied to a monolayer of
endothelial cells on PPy/heparin films, and significantly enhanced endothelial cell
migration was observed as a result. Combined with the ease of fabrication on
metallic stents and the antithrombotic function of heparin, these materials may be
utilized for modification of stents to improve the re‐endothelialization process after
implantation.
Finally, aligned PPy/poly(styrene‐β‐isobutylene‐β‐styrene) (SIBS) nanofibrous
scaffolds were fabricated by vapor phase depositing PPy onto electrospun SIBS
fibrous mats. It was shown that this novel material provided a conductive and
biocompatible platform for PC12 cell adhesion and differentiation. Neurite

VIII
outgrowth was significantly influenced by the aligned fibers. High resolution AFM
provided a closer inspection of the neurite outgrowths and revealed interesting
physical interactions between the neurites and the aligned fibers. Aligned
electroactive PPy/SIBS fibers have potential applications for improving the
electrode‐cellular interface of neural electrodes by encouraging guided neurite
outgrowth toward the electrode through the use of electrical stimulation.
The knowledge gained during the course of this study could form the basis for
improving the cellular interface of neural electrodes and stents using conducting
polymers.
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